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(54) Tide: MINIMALLY INVASIVE SURGICAL APPARATUS AND METHOD 

(57) Abstract 

The present invention encompasses , 
novel tools and a tool-holding retractor 
assembly. The retractor assembly spreads 
an incision and holds the incision open. At 
least one extension device, having a tool 
holder on one end, attaches to the assembly. 
The holder includes a selectively locking 
multi-axis adjustable mounting element 
adapted to grip a tool shaft. The mounting 
element acts as a universal mounting 
providing rotational and sliding movement of 
the tool shaft. The extension device adjusts 
to position the tool holder peripherally of 
the surgical field. Once the retractor is 
placed, the extension device provides full 
access to regions below the incision. The 
extension device allows the surgeon to chose 
the insertion point and insertion angle of the 
tool shaft 
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MINIMALLY INVASIVE SURGICAL APPARATUS AND METHOD 
Background 

Minimally invasive or video assisted surgical procedures are being developed to 
reduce trauma, surgically induced complications, and costs associated with a lengthened 
hospital stay. One common, and costly operative procedure in the US is coronary artery 
bypass grafting (CABG), therefore, considerable attention has been given to establishing 
procedures for performing CABG surgery as a minimally invasive operation. Two basic 
approaches are currently being investigated by cardiac surgeons: 

CABG (and other heart) operations on an arrested heart with percutaneous 
cardiopulmonary bypass (CPB); and 

CABG procedures on a beating heart without cardiopulmonary bypass. 
There are certain advantages to the second approach in that CPB is known to be 
associated with some complications that can occur in open heart surgery. However, 
surgery on a beating heart is technically difficult, especially when performed through a 
small incision between ribs. Thus, there is a need to facilitate CABG surgery on a 
beating heart performed through an incision. A common CABG procedure is a graft 
between the left internal mammary artery (LIMA) and the left anterior descending 
(LAD) coronary artery. While several other coronary arteries may be treated by CABG, 
and other vessels can be grafted to the LAD, a LIMA-LAD graft will be discussed 
below as illustrative of the invention. 

To access and work on the LAD while the heart is beating requires clamping or 
immobilizing at least a portion of the heart. Previously surgeons have used hand held 
surgical devices for limiting some motion of the heart. However, these devices are not 
particularly effective in limiting the motion of the heart and they require that an assistant 
place at least one hand near the surgical site. Other devices provide retractor assemblies 
for retracting tissue around a surgical opening to provide a sufficiently large access for 
surgery, and further provide mechanisms whereby retractor blades, used to pull back 
organs or tissue, or other surgical implements are attached to the retractor assembly. 
The retractor itself generally consists of a frame which fits or is assembled about a 
perimeter of the opening. 

However, the implements of these assemblies do not have complete access to the 
surgical field. In other words, the mechanisms which attach the implements to the 
retractor assemblies allow only limited freedom of movement. Thus, if a surgeon uses 
such a configuration and adds further specialized surgical implements, the limited 
freedom of movement might complicate the surgery. For example, when a surgeon 
creates an incision for heart surgery and places a retractor, the heart is still covered with 
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and positioning angle of the tool shaft. Furthermore, the tools arc designed for insertion 
over the edge of an incision. 

Brief Description of the Drawings 

FIG. 1 is an illustration of a supine patient with a retractor according to the 
present invention mounted at an incision; 

FIG. 2 A is a perspective view from above of a retractor and an extension device 
with an attached tool, according to a preferred embodiment of the invention; 

FIG. 2B is a top plan view of the retractor and extension device of FIG. 2 A; 

FIG. 2C is a back side view of the retractor and extension device of FIG. 2A; 

FIG. 3 A is a perspective view from above of an opening mechanism for the 
retractor of FIG. 2 A; 

FIG. 3B is an exploded view of the opening mechanism of FIG. 3 A; 

FIG. 4 is a cutaway view of a disposable light wand for use with the retractor 
depicted in FIG. 2B; 

FIG. 5 is an exploded view of the cam lock clamp assembly depicted in FIGS. 
2A and 2B; 

FIG. 6 is a perspective view from above of a positioning arm having a tool holder 
on one end and an attached tool for use with the retractor depicted in FIG. 2A; 

FIG. 7 is an exploded view of a ball and socket joint mounting element for use 
with the extension device of FIG. 2A; 

FIG. 8 A is an exploded view of a tool shaft pivotly linked to an end-effector; 

FIG. 8B is a perspective view from above of a tool shaft pivotly linked to an end- 
effector; 

FIGS. 9A-1, 9A-2, 9A-3, 9A-4, 9A-5, 9A-6, 9A-7, and 9A-8 are a series of 
perspectives of a U-shaped end-effector; 
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• f.U shaped end-effector with microtraumatic 
FIG. 9B is a perspective v ie w of a U-shaped 

surfaces; 

, • ~ of the end effector of FIG. 9B viewed from a 
, FIG 9C is a cross-sectional view of the 

plane parallel to line B-B of FIG. 9B; 

r . i holder with an attached tool, the tool 
FIG.lOAisanexplodedvi^ 
comprising a tool shaft and an end-effector, 

10 shaft are also depicted; 

• f tools for use with the tool holder of FIG 10A; 
FIG. 10B shows a senes of tools tor us 

, u r are a top plan view of a closed retractor, a perspective 

FIGS. 11A, HB and 11C are a top T ^ eWof m open retractor, 

15 viewfromaboveofanopenretractor,andatop P lan 

respectively; 

active view from above of an extensron 
HGS.12A,12B,andl2Carear^ 

device attached to a retractor^ a cross-se ^ ^^y. 

20 sectionviewofaretractorframememberandr 

,nd e d view of a retractor opening mechanism; 
FIG. 1 3 is an exploded view P'» 

nlan view of the retractor, a cross-sectional 
FIGS. 14A, 14B, and 14C are a ^ & ^ md perspective view 

respectively; 

• from above of a retractor with an 
FIGS. 15 A and 15B « apen| ^Xr of a push-button clamp assembly, 

respectively; ^ 
respectively; 
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FIGS 17A, 17B, and 1 7C are a cross-sectional view of a cam lock in the open 
and locked positions, an exploded view of a cam lock, guide pin and retractor frame 
member, and a perspective view from above of a cam lock clamp assembly, respectively; 

5 FIGS. 18A-1, 18A-2, 18A-3, 18B-1, 18B-2, 18B-3, 18B-4 and 18C are an 

exploded view from below of a tool shaft, a swivel link assembly, and a U-shaped end 
effector, a series of schematic illustrations of a swivel link, and a perspective view from 
above of an assembled swivel link, respectively. 

10 Detailed Description of the Illustrated Embodiments 

Referring to FIGS. 1-1 OB, one embodiment of a retractor and surgical tool 
attachment system according to the invention comprises a retractor 2 for spreading and 
keeping back the walls of an incision in a patient. In describing this embodiment, we 
will refer to orthogonal axes x, y, and z shown in FIGS. 2B and 2C. Much of the 

1 5 description of this embodiment will apply to the alternative embodiments presented 
below. 

With reference to FIGS. 1-2C, the retractor includes two frame members 4 and 6, 
and an opening mechanism 8a. The frame members are opposed, co-extensive and 
generally elongated. Referring to FIGS. 2A-3B, the opening mechanism includes a 
20 connector plate 8, a screw gear 1 0, and a cover plate 14. The frame members have 

proximal ends 4a and 6a with a semi-circular edge at their ends having gear teeth therein. 
The ends are pivotly connected to the connector plate so that the frame members rotate 
about axes 4b and 6b, respectively. Thus, the frame members move substantially in the 
x-y plane. 

25 The screw gear extends between the toothed proximal ends of the frame members 

at an angle of approximately thirty degrees, forming an angled worm gear assembly. 
The screw gear turns on a guide pin 1 0a that is connected to the connector plate. A 
cover plate sits on top of the connector plate and proximal ends of the frame members. 
The cover plate has a conforming angled screw slot to further guide the screw. 

30 Turning the screw drives the helical worm face against the teeth of both proximal 

ends of the frame members, causing the frame members to pivot in opposite senses 
substantially in the x-y plane so the two members draw toward each other, or push apart 
from each other, depending on the direction of rotation. This angled worm gear has 
advantages. The angled worm gear allows the gear to be self locking, i.e. the retractor 

35 can be opened to a fixed separation and it will maintain that separation. Furthermore, 
the angle of the worm gear facilitates access to the opening mechanism by the retractor 
operator while maintaining access to the incision. 
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The frame members include retractor blades 19 and 21, which extend down, 
transverse to the x-y plane of the frame members. These blades are placed in an incision 
^en the retractor is in a closed position, i.e. when the frame members are in relative 
spatial proximity to each other. Upon placement of the retractor blades in an incision, 
the screw can be screwed down into the worm gear causing the frame members to open 
outwardly and the retractor blades to exert outward pressure on the walls of the incsion 
15 and 17, and consequently spread and keep open the incision. The frame members, 
the retractor blade members and the connector plate are made of a strong metal, e.g. 

stainless steel or titanium. rt . , . 

The blades are modular, i.e. the blades are removably and replaceably attachable 
to the retractor. The blades can pivot about a substantially vertical axis, as shown so that 
they conform to the orientation of the incision, or pivot about a substantially horizontal 
axis In the embodiment shown in FIGS. 2A and 2C, the blades are angled back, a.e. 
they tilt outwardly as they extend down, so the angle between the blade and the frame 
member in the y-z plane is less than 90 degrees. As the blades spread apart an indsion, 
the pressure provided between the blades and at least a wall portion of the inctsion has a 
downward component of force, driving the retractor down against the patient's body, 
stabilizing the retractor. Furthermore, a blade can include a compliant blade element 
such as an attachable conforming elastomeric pad that attaches to the blade. Such a 
compliant blade element evenly distributes pressure over at least a wall portion of the 
incision, reducing trauma to the patient 

With reference to FIGS. 2B and 4, the retractor of this embodiment also includes 
a fiber optic light guide 63 optically coupled to a light source. In one embodiment, the 
light guide is bifurcated with each individual light guide running along light guide 
mounts. Individual lightguide 64a travelsalong light guide mount 65 a to a distal end of 
the frame member 66f, where it is optically coupled to a light wand 66 which is 
preferably disposable. The light wand provides light to the surgical field while »ts 
disposability facilitates sterilization of the retractor. 

The disposable light wand includes a mating attachment 66e, for coupling of the 
light wand to the light guide, light fibers 66, full soft malleable wire 66b (3 1610, and 
dual lumen flexible tubing 66c. The tubing contains the fibers and the wire. The wire 
allows the tubing to be posed in any position. The end of the tubing opposite the 
conforming attachment has a full epoxy set at the tip. By posing the tube 
appropriate position the surgeon can illuminate an area of interest in the surgical field. 
35 The retractor includes a suction tube 64 b. This tube also contams full soft 

malleable wire to allow posing of the tube in any position. The proximal end of the tube 
is attached to a suction device. The distal end of the tube is posed in selected proxrnnty 
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to the surgical field. A portion of the tube near the distal end of the tube is attached to 
the retractor at 34c. The suction tube is used to clear blood and other material, 
improving visual access to the surgical field. 

An extension device 13 is attachable to the frame members. The extension 
5 device attaches on top of the frame members. In one embodiment, the extension device 
includes a clamp assembly 16, and a positioning arm 1 8. The positioning arm is 
slideably and lockably attachable to the clamp assembly. The positioning arm has a tool 
holder 20 at its outboard end, that is, at the end that extends toward the incision. The 
tool holder includes a selectively locking multi-axis adjustable mounting element 22 

10 adapted to grip a tool shaft 24 for positioning a tool 26. In this embodiment, the 
mounting element is a ball and socket joint. A cap nut with an open center tightens 
down to clamp the ball in the socket at the desired orientation. 

Thus, by adjusting the ball and socket joint, the tool may be positioned anywhere 
in the surgical field. The tool 26, depicted in FIGS. 2A-2C and 6, comprises a tool shaft 

1 5 24, and a end-effector 28 attached to the distal end of the tool shaft. 

With reference to FIGS. 2A-2C and 5, the clamp assembly for the positioning 
arm is a cam lock, although, in other embodiments the clamp assembly could be a 
selectively locking second multi-axis adjustable mounting element. The cam lock 
includes a low cylindrical cam lock body 5, which does not project over the wall of the 

20 incision. The clamp assembly attaches to the retractor by a docking means 9 that fits 
into a docking aperture 9a. In tjiis embodiment, the docking means is an expanding slit 
cylindrical shaft with a shaft expansion pin 9b positioned inside the slit shaft and the 
docking aperture is a conforming cylindrical opening. The clamp assembly rotates about 
the axis 7 of the shaft. The positioning arm 18 slideably and lockably mounts in the 

25 cylindrical body by means of a substantially rectangular conforming mounting aperture 
1 8a. A locking lever 1 1 with a cam end 3 rotates about an axis 7a to drive the expansion 
pin into the expanding shaft while bearing down against the positioning arm to lock both 
the clamp assembly in a particular rotational position and the positioning arm in a 
particular horizontal extension position. 

30 When the locking lever 1 1 is in the up or open position, the positioning arm is 

free to move through slot 1 8a and the clamp assembly is free to rotate about axis 7. In 
addition, the clamp assembly is capable of both removal and insertion in the docking 
aperture. However, when the locking lever is in the down or locked position, the cam 
end is rotated so as to place pressure on the positioning arm locking it in place. 

35 Furthermore, the cam end pushes the shaft expanding pin down into the cylindrical shaft 
9 expanding the shaft in the conforming cylindrical slot so as to prevent rotation of the 
clamp assembly or removal of the clamp assembly from the docking aperture. Thus, this 
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the pivot pin. Furthermore, when the mounting element described above, e.g. the 
compressible ball 29, grips the tool shaft, the wall of the outer shaft is squeezed against 
the inner shaft, fixing the articulation angle of the end-effector. Thus, in one act of 
locking the mounting element, the tool is universally positioned and the articulation of 
5 the end-effector is fixed. In a similar manner, the tool can be configured so that relative 
motion of two tool shaft elements can provide rotation of an end-effector about an axis 
that is parallel to the tool shaft. 

With reference to FIG. 9A-5, the illustrated end-effector 28 includes suction 
channels 34 channel milled into its bottom or contact side to clear the surgical field of 

10 blood and other material. Suction channel openings 36 are located on the sides of the 
end-effector. With reference to FIG. 6, a suction and blower tubeset 24d passes down 
the inside of the inner tool shaft and the blower passes out the distal end of the tool shaft. 
With reference to FIG. 2A, the suction tube attaches to the end-effector to provide 
suction to the suction channels milled into the end-effector. Thus, in one embodiment, 

15 the end-effector is a U-shaped device with two prongs. Each prong includes a suction 
channel used to clear the surgical site of blood and other material. 

With reference to FIGS. 6 and 9A-7, the cross section profile of the end-effector 
is an open profile. In other words, the profile of the^nd-effector provides the surgeon 
with enhanced access to the tissue located between the prongs. In one embodiment the 

20 distance between the prongs is at least about 8 to 1 5 mm. In another embodiment, the 
open profile includes a tapered cross section profile when viewed in a plane 
perpendicular to the prongs, such that the vertical height of the prongs decreases with 
proximity to the surgical site. 

In another embodiment, the contact surfaces of the end-effector, that is the 

25 surfaces of the end-effector that make contact with the surgical site, are textured. The 
contact surfaces are textured so as to prevent slipping and minimize movement of tissue 
at the surgical site relative to the end-effector. 

With reference to FIGS. 9B and 9C, according to one embodiment of the 
invention, wire 39 with burrs 41 on its surface is imbedded in the underside of an end- 

30 effector, such that a predetermined segment of the wire is exposed on the contact surface 
of the end-effector. The burrs dig into tissue such that placement of the end-effector in 
contact with tissue allows the end effector to provide lateral or pull up tension on the 
tissue. Further, it allows the end effector to maintain contact with the tissue. The wire 
can be silver soldered into place. 

35 With reference to FIG. 10A and 10B, other embodiments include different end- 

effectors 38, 38a, 38b, 38c, and 38d. One example of a different end-effector is a quick 
connect vessel occluder for stabilizing or occluding a vessel. Such a device can be used 
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The retractor blades can be deflectable. With reference to Fig 12C, the retractor 
blade can pivot about a pivot point 168, so that the blades can fit flush to the walls of an 
incision. 

The blades can be soft so as to apply pressure evenly on the walls of an incision. 
5 By applying even pressure on the walls of the incision, soft retractor blades reduce 

surgical trauma. According to one embodiment of the invention, the retractor blade can 
comprise a disposable elastomeric cushion attachment 162. 

With reference to FIGS. 1 1 A-I3, the retractor may also incorporate a fiber optic 
light assembly 195, the fiber optic light assembly comprises a light source 193 and at 
10 least one optic fiber 164. The optic fiber runs along the side of the retractor fiame 
member opposite the incision to the distal end of the retractor frame member, down 
below the retractor blade, and out the fiber optic exit 160. The output end of the optic 
fiber located at fiber optic exit 160 emits light so as to illuminate the inside of the body 
cavity. 

15 With reference to FIGS. 12A and 12B, the clamp assembly is a cam lever clamp 

assembly 1 16. A cam lever clamp assembly is spring loaded such that pushing down on 
the locking lever 1 1 1 locks the clamp assembly in rotational position and the positioning 
arm in linear position. By subsequently pushing on the locking lever 1 1 1, the clamp 
assembly is released allowing freedom of rotation of the clamp assembly and linear 

20 motion of the positioning arm. 

The spring loaded clamp assembly achieves its functionality in the following 
way. The clamp assembly comprises spring 160, pin 161, and grooves 163. When the 
locking lever is in the up and open position, the pin is pulled out of the grooves so as to 
allow rotation of the clamp assembly. Furthermore, when the locking lever 1 1 1 is in the 

25 up and open position, the cam end 103 does not apply pressure to the positioning arm 
1 1 8 allowing linear motion of the positioning arm. However, when the locking lever is 
in the down and closed position the pin is inserted in the grooves preventing rotation or 
motion of the clamp assembly. Further, the cam end 103 places pressure on the 
positioning arm preventing linear motion of positioning arm. 

30 With reference to FIG. 12 A, according to one embodiment of this invention, 

conforming cylindrical slots 109a are provided on the retractor frame members to allow 
alternative positioning of the extension device. By placing the extension device in the 
appropriate conforming cylindrical slot, a surgeon is able to position the extension 
device, and consequently the surgical tool, in an appropriate location while minimizing 

35 obstruction caused by the extension device and tool. 
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, PIGS 14A-15B, an embodiment ofthe retractor and surgical 
With reference to FIGS. HA K>«, comprises a retr actor 202. The 

t00l attachment system according to ^ m which has a stationary 

retractor includes a ^^^^^6. The moveable frame member 
; framemember204andamoveableframen^mb fe ^ a toothed CTOSS bar or rack 

similar inconfigu^^ 

210 attached to it. The stationary ^ includes ^ opening mechamsm 

^ The substantially L-shaped '-*» * ^ cross bar 0 _ f the 

cra nk lever 252. Rotating the crank lever ^^^e^berinorou, 

Both frame ^ slideab ly positioned along the frame 

grooves allow an extension device 21 3 to 

member within the groove. . a _ h _ button clamp assembly 216. The push- 

The extension device includes a push butt ^ ^ ^ ^ 2?6 

l5 ^d^^^^^ii^^: men push-button 
The push-button clamp ^^^^U^^ 
is pushed the positiomng arm is However , up on pushing the push- 

hearings loosen the clamp 
button again the positionmg arm is capture 



20 rotational position. 
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30 



c „A 17B anomerembodimentofaretractorandsurgical 
ReferringtoFIGS. ^^^^^.f^^ ™ 
tool attachment system according to the mv ^ mounting 

retractor incorporates the general * ~ ^ ^ ^ * 

groove of Example 3 . ^^"^^JLasS. The retractor comprises a 
£r357 attached to the crank lever ^ 4 ^ member 306. The 

Lretractor frame member 304 
proximal end °f the second r^ 

second retractor frame member. The openmg ^ ^ ^ lot 

the frame members. The proximal end of*. « m ^ ^ ^ ^ of 

393withratchett e eth392. ^.^*^^i,^tDtta-i«i«B 

nanism ^thege— 
ofthe second frame member, causing in 
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397. The rotation of the second retractor frame member causes the retractor to open and 
spread apart an incision. 

This embodiment incorporates a fiber optic routing assembly 379. The fiber 
optic routing assembly comprises an opening mechanism sheath 379a, optical fiber 364, 
and fiber optic light balls 377. One end of the optical fiber is connected to a light 
source. Light travels down the optical fiber, from the light source, into the opening 
mechanism sheath, and to the light balls, illuminating the surgical field. Further, another 
optical fiber 366, is mounted in a fiber optic track 398 located on the outside of a 
retractor frame member. The optical fiber extends down below a retractor frame 
member and out to a retractor blade 3 1 9 or 321 , through the fiber optic exit 360. Again, 
light from a light source travels along the optical fiber and is emitted at the fiber optic 
exit, further illuminating the surgical field. 

With reference to FIGS. 2 A and 16A, this embodiment also incorporates the 
ability to apply suction to the surgical field to remove blood and other material. The 
suction assembly comprises suction tubing 333 attached at one end to a suction pump 
and at the other end to an end-effector via tubing attachments 28a. The suction tubing 
could pass down the center of a tool shaft or down along side a tool shaft. 

Another embodiment incorporates the abilityto blow on the surgical field. A 
blower comprises blower tubing similar to the suction tubing. The tubing is a fully soft, 
unannealed material with a wire backbone to allow positioning. 

Referring to Figures 1(5 A, and 1 7A - 17C, the extension device includes a cam 
lock clamp assembly 316. The cam lock clamp assembly includes a cam lock 301 and a 
guide pin 380. The head of the guide pin fits into the cam lock guide pin slot 301b. The 
positioning arm slides through the cam lock and guide pin positioning arm slots, 301a 
and 380a, respectively. The guide pin is inserted in the universal mounting groove 
aperture 370a, such that the edges of the universal mounting groove slide in the universal 
mounting groove slot of the guide pin. Thus, the guide pin and cam lock clamp 
assembly can be located anywhere in the universal mounting groove. The cam lock can 
be rotated and the positioning arm can move linearly when the locking lever 3 1 1 is in the 
up and open position. 

Upon lowering the locking lever to the down position the cam lock clamp 
assembly is locked. The locking lever rotates the cam lock about an axis that is 
substantially parallel to axis 3 1 8a. The end of the cam lock is aspherical such that 
pushing the locking lever to the closed position forces the bulbous end of the cam lock 
down against the retractor frame member. Because of the interaction of the positioning 
arm, cam lock, and guide pin, the guide pin bottom 380c is forced up against the 
universal mounting groove surface. The pressure between the guide pin bottom and the 
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the cam lock clamp assembly from rotating, 
universal mounting groove surface ^ positioning arm, and the guide 

— ^r~£^£Z£ - from moving linearl, 
pin and the positioning arm prevents uic p 

FY AMPLE 5 

5 

link uprises cylindnca, s»ve «6b, respectively. T*..-*- 

10 and 427b in to. and second «l „ . confo[ming ^W. « 

28a. Thus, relative motion of fte « ^ ^ link „ rotation of fte 

the swivel link about an was 499. This roumon o 

end-effector, invention have several advantages. 

Hear, slabilization assembl.es ^us. ftey are more 

— ncanrapidlyplaceasurgicaUool 

using this invention. Furthermore, tms emu 
20 remove fte .ool, coring access <o ^ w fc SUI8 ica, field 

This invention allows ^'«^ m °^' tool is complexly 
defied by fte retiac,or because to position -J*""^ ' M d<!Scribe(1 ^ve, 

mdep«,ue„,o f to,e.rac,o, ™P"^ L^or, fte patios heart is 
„he„ a bean surgeon opens a »^ ^ ternune ft. location o, fte artery, 

fte surgeon mus. ^^^^^^ZJ^ fta, fte artery is no. 
accordingly. Upon removng ft. „, ^ ft. position of fte end- 

ued near ft. centi* of fte J^den. of fte ret.ac.or, fte 

effector. Because.hepos.nonof.hewol.se p ^ 

.ocation of fte .ool wiftou, adjusting to position of fte retractor w 

cost and trauma of surgery. ,k.i„„ rt ionooint and fte insertion 

Further, the surgeon is free to ^ surgeon to pl ace the 

angle of the tool. This freedom is important * * ide ^ surgeon 

^nearmeedgeofme incision^ 
with greater access to the surgical field. Thus, this m 
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flexibility. This invention can be used in many operations including LAD coronary 
artery operations and valve replacement operations. 

Importantly, this invention improves minimally invasive direct surgery. The 
invention allows a surgeon to place a tool effectively anywhere in the surgical field, 
5 articulate the end-effector, and freeze the position of the tool and the articulation of the 
end-effector in one act, the locking of the mounting element. 

Because many varying and different embodiments may be made within the scope 
of the inventive concept herein taught, and because many modifications may be made in 
the embodiments herein detailed in accordance with the descriptive requirement of the 
10 law, it is to be understood that the details herein are to be interpreted as illustrative and 
not in a limiting sense. 
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What is claimed is: 

1 Surgical apparatus comprising 

a retractor for spreading open an incision in a patient, an. 
at least one extension device secured on the retractor, 

the extension device having a tool holder at an outboard end 

the extension device extending the tool holder toward the incision, 
thereof, the extension ^ ^ ^ & ^ first 

adjustablemountmgelementadaptedtogripa^ 
10 range of positions, ^ first mounting element enabling the tool to be 

selectively positioned restive to the tool holder in . , surgical field by positioning the 
tool, and locking the mounting element of the tool holder. 

15 2 . Ap paratusaccordingto^ 
ball and socket joint. 

flK ^ 1 > esl o t be i n 6 a.on 6i ^o P enin 6re spcnsive»*e W ,d*of ft e t oc,,. 

„ to -lain, 1 wherein the retractor comprises 

4 ' A ^ZZ££Z2~ — for insert - - <«— - * 

. . ™ at i M *t a wall portion of the incision, 

retractor. 

Hade .o be contiguous «* at tot a di portion of the incision. 

35 6 Apparatus accordiag <° *"« K,iaCt0r """"^ 

a fiber optic light assembly including 
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a fiber optic light guide for illuminating the surgical field, the 
light guide having a first end optically coupled to a light source and a second end 
mountingly connected to the retractor, and 

a disposable light wand optically coupled to the second end of the 

5 fiber optic light guide. 

■ 

7. Apparatus according to claim 1, wherein the retractor comprises 

generally opposed retractor blades for insertion into the incision and for 
applying pressure on at least a wall portion of the incision, 
10 at least one retractor blade including a compliant retractor blade element. 

8. Apparatus according to claim 1, wherein the retractor further comprises at least 
one suction tube having the proximal end of the tube connected to a suction device and 
the distal end of the tube posed in selected proximity to the surgical site, a portion of the 

15 tube near the distal end of the tube being attached to the retractor. 

9. Apparatus according to claim 1, wherein the extension device comprises 

a clamp assembly secured on the retractor, and 

a positioning arm extending from the clamp assembly, the positioning 
20 arm supporting the tool holder at an outboard end thereof for disposing the mounting 
element to enable the tool holder to position the tool selectively in a surgical field by the 
operations of positioning the positioning arm relative to the retractor, securing the 
positioning arm, positioning the tool in the tool holder, and locking the first mounting 
element of the tool holder. 



25 



1 0. Apparatus according to claim 9, wherein the retractor includes at least one 
docking aperture and the clamp assembly includes a docking means structured for 
insertion in and removal from the docking aperture located on the retractor. 



1 1 . Apparatus according to claim 9, wherein 

the retractor comprises opposed and substantially co-extensive generally 
elongated frame members, and 

the positioning arm being slidably and lockably connected to the clamp 

assembly. 

12. Apparatus according to claim 11, wherein the retractor comprises 
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g « ner aU, oppose — « «— ta in, ° inCiSi0 " "* fM 

applying p^ure on a, .east a wa.1 porUo, *• — ^.^^ 
at least one retractor blade having an angic 

and the retractor blade less than 90 degrees. 

5 , . 0 where in the clamp assembly comprises a second 

13 . Apparatus according to claim 9, wherein tne 

multi-axis adjustable mounting element. 
14 A surgical tool comprising 

shaft. 

a- tn claim 14 wherein the mounting member is a ball with a 
15 15 Apparatus according to claim 14, wnerc 
mounting means adapted to grip the tool shaft. 

i wr, 14 wherein the compressible mounting member is 

16. Apparatus according to claim 14, wherein 

slidable along the tool shaft 

20 a- tn claim 14 wherein the end-effector is rotatable about a 

17 Apparatus according to cl,auii 14, wn« 

17. APP<" . f loo i shaft, 
rotation axis extending transverse to the axis oi 

, • ia therein the tool further comprises 

18. Apparatus according to claim 14, wherein tne to 

25 a first tool shaft element, 

the axis of the tool shaft, and the tooi n causmg 

axis of the tool shaft 

i -m 18 wherein the first and second tool shaft elements 
19 . APP-tusaccordinitoclan.^ 
35 comprise generally opposed fron t«d ^J^^ to ^.ndb^lool 
end-effector link element comprises a swiveL 
shaft elements and connected to the end-effector. 
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20. Apparatus according to claim 18, wherein the first and second tool shaft elements 
comprise co-axial inner and outer shafts, respectively, the inner shaft slidably disposed 
within the outer shaft, the outer shaft being hollow and having longitudinal slits, and the 

5 outer diameter of the inner shaft being substantially similar to the inner diameter of the 
outer shaft. 

21. Apparatus according to claim 20, wherein 

the outer tool shaft has a pivot extension on a distal end thereof, 
1 0 the inner shaft comprises 

a pivot pin, having a longitudinal axis, attached to a distal end of ' 
the inner shaft and extending transverse to the axis of the tool shaft, and 

a means forming a pivot aperture adapted to contain the pivot pin, 
adapted to allow the pin to rotate, and adapted to allow the pin to move transverse to the 
1 5 axis of the tool shaft and transverse to the axis of the pivot pin, and 

the end-effector link element comprises a pivot link adapted for pivotly 
attaching to the pivot extension and the pivot pin, 

such that movement of the inner shaft relative to the outer shaft causes 
articulation of the end-effector about an axis substantially parallel to the axis of the pivot 
20 pin. 

22. Apparatus according to claim 1 8, wherein 

the inner shaft includes a means forming a hollow longitudinal passage, 

and 

25 the surgical tool further comprises at least one suction tube having one 

end of the tube connected to the tool in selected proximity to the distal end of the tool 
shaft and the other end of the tube extending away from the surgical field, at least a 
portion of the tube passing through the hollow longitudinal passage of the inner shaft. 

30 23 . Apparatus according to claim 1 8, wherein 

the inner shaft includes a means forming a hollow longitudinal passage, 

and 

the surgical tool further comprises at least one blower tube connected in 
selected proximity to the distal end of the tool shaft and the other end extending away 
35 from the surgical field, at least a portion of the blower tube passing through the hollow 
longitudinal passage of the inner shaft. 
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, • 14 „,urpin the tool has means forming a hollow 

shaft, the hoilow passage adapted fo, coining a. M one tube. 
5 25 . ^ 0 ^ac=o nlin g«oc.ai m 14,wh= re u,«h=e„d-e ff ec W r f ^=rc» m pn S esa„ 
end-effeclor element with a textured surface. 

26 Apparatusac^rdmgtoclaim .4, wherein to end^r n«he, compnses an 
jd-effelr dement with a nontraumatic surface adapted „ engage ussue. 

shaped member, 

the U-shaped member having at least two prongs. 

about 8 to about 15 mm apart. - 

a- tn riaim 27 wherein the prongs of the U-shaped end- 
on 29 Apparatus according to claim z/,wnercm ^ e 
2U ^f- .. _,-.f;ip when viewed in a plane 

proximity to the surgical site. 

» i •« i a wherein the end-effector is selected from the 
25 30. Apparatus according to claim 14 w £™ n * forceps> scissors , 

group of instruments including hemostats, forks, rakes, needle an 

cameras, and clip appliers. 

3 , Apparatus according to claim 14. wherein the erector fc^e, comprises a, 

L by elective,, dicing third multi-axis adjustable mounbng Cement. 

Hi™ in claim 14 wherein the mounting member attached to a 

adapted to grip the tool shaft. 
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34. Apparatus according to claim 14, wherein the end-effector is rotatable about a 
rotation axis extending substantially parallel to the axis of the tool shaft. 

5 35. A surgical apparatus comprising 

an extension device, the extension device including 

a clamp assembly for adjustably locking to a support frame, and 
a positioning arm movably positioned in the clamp assembly, 
the positioning arm having a tool holder at an outboard 

10 end thereof, 

the tool holder including a ball - socket joint adapted to 
position and secure a tool shaft extending through the ball - socket joint for locking 
articulation, 

whereby a variety of tools having a tool shaft each with an end-effector 
1 5 are reliably positioned in an operating arena below the frame. 

36. Surgical apparatus comprising 

a retractor for spreading open an incision in a patient, and 
at least one extension device secured on the retractor, 
20 the extension device having a tool holder at an outboard end 

thereof, the extension device extending the tool holder toward the incision, 

the tool holder including a selectively locking ball and socket 

joint, and 

a tool comprising 

25 a tool shaft adapted for gripping by the ball and socket joint, the 

tool shaft having 

a first shaft element, 
a second shaft element, 

and a end-effector rotatably attached to a distal end of the tool shaft such that 
30 relative motion of the shaft elements causes articulation of the end-effector and such that 
locking of the ball and socket joint squeezes the tool shaft, limiting the relative motion 
of the tool shaft elements and fixing the articulation of the end-effector, 

the ball and socket joint enabling the tool to be selectively positioned relative to 
the tool holder in a surgical field and enabling the end-effector to be placed in fixed 
35 articulation by positioning the tool, rotating the end-effector, and locking the ball and 
socket joint of the tool holder. 



37. 



10 
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„«;n{T mechanism comprising 
.^^anangiedwonngcaropenmgm 

a connector plate, d proximal end s rotauonally 

at least two frame members wi 

PCte d to the connector plate, and .^the ratcheted proximal ends of the 
conn ectedto ^ for ^ en £ Movement of the frame 

u t^axisofthescrewbemgoutofthepi en ^ ratcheted 

frame members, the axis ot tn ^ ^ to ^ betwe 

proximal ends ofthe frame members, m 
to rotate. 

retracting walls ot an m 
effectorsoastopushdownmaregion 



15 



25 

of the heart. 
30 40. 



,fthehean. . . 

^ •„ the step of positioning the tool 

41 Th e method accord » Cain, 3 * * i,h «- " " " 

provide a lateral force on the ussu, 
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